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SUMMARY AND CONCLUSION
An irrigation district of approximately 30,000 acres has been proposed to be 
located in Washington and Benton Counties in Northwest Arkansas utilizing water 
from Beaver Reservior. This report on the economic benefits of such a district 
is done under contract No. DACW03-81-C for the U.S. Army Corps of Engineers by 
the Water Resources Research Center at the University of Arkansas.
Prime farmland in the proposed area was identified and existing crops sur­
veyed. Irrigation needs for each crop were determined using weather data from 
1940 through 1974. Distribution system costs were updated to 1981 from 1970 and 
1975 studies. Crop production budgets were generated for crops considered (both 
irrigated and non-irrigated). Economic benefits were determined using the cri­
teria set forth in steps 1 through 3 of the Water Resource Council, 18 CFR Part 
713, Procedures for Evaluation of National Economics Development (NED) Benefit 
and Costs in Water Resources Planning (Level C), 14 December, 1979.
The potential irrigation district is presently composed of 3,352 acres of 
horticultural crops and 26,648 acres of agronomic crops. Under the guidelines 
of the Water Resources Council evaluation procedures steps 1 through 3, expan­
sion of horticultural acres is not permitted. Non-profitable horticultural crop 
acreages can be shifted to agronomic crops where this would be profitable and 
agronomic acreages can be shifted from one crop to another.
The feasibility of the irrigation project was evaluated using two sets of 
crop prices, the normalized Water Resource Council prices and a 3 year average 
price for Arkansas reported in 1981 dollars. Since all costs are based on sum­
mer 1981 levels the cost benefit evaluation using the 3 year average price in 
1981 dollars is believed to be the most representative.
The overall project costs as of March 1981 are estimated to be $2,430 per 
acre or $72,900,000 for the 30,000 acres. The estimated annual administrative,
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operation, maintenance and pumping costs would be $2,250,000. Irrigation needs 
would require storage of 37,037 acre-feet of water in Beaver Reservoir to meet 
irrigation demand 9 years out of 10.
The present value of benefits resulting from development of the proposed 
irrigation project is estimated to equal $70.82 million. The present value of 
costs for the system are estimated to equal $104.79 million.
Most horticultural crops were found to be highly profitable under irrigated 
conditions. Expansion of their acreage would result in significant national and 
regional benefits and increased efficiency in providing raw product to the North-
west Arkansas canning industry. The evaluation of the primary benefits of horti­
cultural acreage expansion and the secondary benefits of agronomic/horticultural 
acreage expansion would increase the economic feasibility of the project. 
Whether benefits would increase sufficiently to exceed cost under the guidelines 
of the Water Resources Council cannot be determined without conducting the ana- 
lysis.
It can be shown from the current analysis that regional benefits to Northwest 
Arkansas can exceed the costs. If all non-horticultural crop acreage within the 
proposed 30,000 acre district were converted to double crop green beans the pre­
sent value of benefits, as measured by the increase in net revenue with double 
crop green beans over the net revenue resulting from current agronomic crops, 
would equal $177.1 million. This value exceeds the present value of costs by 
$72.31 million but cannot be used as an estimate of national benefits without ad­
justments for potential displacement of production outside of Northwest Arkansas 
and potential price impact. This analysis should be conducted.
The current study's conclusion of non-feasibility should not be interpreted 
as a negative finding for all potential irrigation systems. Rather it represents 
the conclusion after evaluating the proposed system under steps 1 through 3 of 
the guidelines.
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PROJECT LAND AREA & CROP SURVEY
The attached maps of Washington and Benton Counties show areas with "prime 
farm land" as defined by the Soil Conservation Service of USDA. An area as 
outlined on the maps comprising 287 sections was selected as the survey area. 
Within each of the sections, the prime farm land was outlined and Agricultural 
Stabilization and Conservation Service of USDA photomaps were used to determine 
field size and land ownership. The ASCS photos were taken in 1974 and the urban 
acreage was based on expansion since that time.
Each section was either personally visited or the owner contacted in an 
attempt to determine the 1980 crop. Results of the crop survey are as shown in 
Table 1.
Since the overall acreage was excessively over 30,000 acres, selected areas 
that were 100% pasture or urban areas were omitted to give a 30,000 acre crop 
area. The resulting crop acreages are shown in Table 2.
Within these crop acreages, all of the blueberries are currently irrigated 
but only a negligable proportion of the other crops are irrigated.
In brief, there are 71,069 acres of prime farm land within the survey area, 
18,343 acres in Washington County and 52,726 acres in Benton County. Within 
this there were 173 fields of 40 acres or larger, 847 fields in the range, 20 to 
40 acres, and 4,044 fields less than 20 acres (Table 3).
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TABLE 1: ACREAGES OF TOTAL PRIME FARM LAND IN THE SURVEY AREA
AND CROP ACREAGES IN THE SURVEY AREA
Washington Co. Benton Co. Total
# of Fields 1,261 3,803 5,064
# of Fields 40 ac. 58 115 173
# of Fields 20-40 ac. 216 631 847
CROP ACRES
Pasture 16,359 45,445 61,804
Urban 835 2,400 3,235
Wheat 40 1,814 1,854
Soybeans - 1,770 1,770
Greenbeans - 1,330 1,330
Grapes 831 462 1,293
Corn 226 650 876
Apples 60 400 460
Peaches 26 136 162
Blueberries - 100 100
Grain Sorghum 6 27 33
Strawberries - 6 6
Blackberries - 1 1
TOTAL 18,343 52,727 71,070
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TABLE 2: ADJUSTED CROP ACREAGES
Crop Washington Co. Benton Co. Total
Pasture 10,200 11,915 23,969
Soybeans/Wheat - 1,770 1,770
Greenbeans - 1,330 1,330
Grapes 831 462 1,293
Corn 226 650 876
Apples 60 400 460
Peaches 26 136 162
Blueberries - 100 100
Grain Sorghum 6 27 33
Strawberries - 6 6
Blackberries - 1 1
Total 11,389 18,611 30,000
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TABLE 3: LAND AREAS STUDIED IN BENTON AND













Benton 18N 29W 5,120 2,417 3 26 74 71 174
Benton 18N 30W 15,360 5,987 8 62 162 265 497
Benton 18N 31W 15,360 3,467 8 44 86 105 243
Benton 18N 32W 4,480 1,420 7 13 36 32 88
Benton 19N 29W 3,840 773 0 10 26 24 60
Benton 19N 30W 23,040 10,229 19 116 285 367 787
Benton 19N 31W 23,040 15,267 44 199 355 382 980
Benton 19N 32W 7,860 3,802 9 61 76 92 238
Benton 20N 29W 5,670 914 3 12 10 46 71
Benton 20N 30W 10,880 2,928 4 28 81 140 253
Benton 20N 31W 14,720 4,945 8 55 130 177 370
Benton 20N 32W 3,200 577 2 5 16 19 42
County Total 132,480 52,726 115 631 1337 1720 3803
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Washington 17N 29W 5,760 2,777 3 32 78 130 243
Washington 17N 30W 10,240 3,899 22 42 56 91 211
Washington 17N 31W 16,000 5,886 15 61 139 242 457
Washington 18N 29W 3,840 843 2 13 20 27 62
Washington 18N 30W 7,680 2,758 5 37 58 7 178
Washington 18N 31W 7,680 2,180 11 31 31 37 110
County Total 51,200 18,343 58 216 382 605 1261




Weather data from Bentonville and Fayetteville Experiment Station was used. 
Rainfall, maximum and minimum temperatures for the years 1940 through 1974 was 
available. No data was available on potential evapotranspiration, however. 
Using the relationship developed by Ferguson(l) pan evaporation can be caculated 
as follows:
PE = (0.009) (TMAX) - (0.54) where:
PE = daily pan evaporation, inches
and
TMAX = maximum daily air temperature, deg F.
Fitting a polynomial to maximum air temperature and substituting in the above 
equation gives the following relationship for pan evaporation as a function of 
day of the year.
PE = (-0.10660) + ((6.66 E-4) (DY) + ((1.86 E-5) (DY)2) - (6.28 E-8) (DY)3) 
Where:
DY = day of the year, Julian days.
This equation gives a good fit with regional data and shows a total pan 
evaporation of 42.8 inches from March 1 through October 30.
Evapotranspiration (ET) is computed as a proportion of pan evaporation de­
pending upon crop. Ratios of ET/PE were as shown in Tables 4, 5, and 6. A typ­
ical available moisture irrigation initiation criteria, irrigation system type 
and irrigation application efficiency was established for each crop. A water 
balance was calculated on a day to day basis for each crop. The simulation was 
executed for the thirty five years of data. Results from this simulation are 
given in Appendix C, Part II of this report. Results are summarized in Table 4, 
5 and 6. The irrigation need varies with crop, maturity and type of irrigation 
system, varying from 1.1 acre inches per acre for greens to 25.7 acre inches per 
acre for sprinkler irrigated strawberries.
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Season Avail. Allow Type Irr Ave. Ave. Ave Net Gross
Jul Days Moist. Dep Irr Eff ET. PPT # of Irr Irr ET/PE
CROP in. % % in. in. Irr in. in.
Apples yr 1 65-304 2.0 25 Drip 90 8.6 33.6 4 2.2 2.4 0.2
Apples yr 2 65-304 4.0 25 Drip 90 12.9 33.6 3 3.2 3.5 0.3
Apples yr 2 65-304 4.0 50 Sprink 75 12.9 33.6 1 1.6 2.1 0.3
Apples yr 3 65-304 4.0 25 Drip 90 21.4 33.6 8 8.8 9.8 0.5
Apples yr 3 65-304 6.0 50 Sprink 75 21.4 33.6 2 4.6 6.1 0.5
Apples yr 4 65-304 4.0 25 Drip 90 25.7 33.6 11 12.0 13.3 0.6
Apples yr 4 65-304 6.0 50 Sprink 75 25.7 33.6 3 7.3 9.7 0.6
Apples yr 5 65-304 4.0 25 Drip 90 30.0 33.6 14 15.6 17.3 0.7
Apples yr 5 65-304 6.0 50 Sprink 75 30.0 33.6 3 10.4 13.9 0.7
Peaches yr 1 65-304 2.0 25 Drip 90 8.6 33.6 4 2.2 2.4 0.2
Peaches yr 2 65-304 4.0 25 Drip 90 12.9 33.6 3 3.2 3.5 0.3
Peaches yr 2 65-304 4.0 50 Sprink 75 12.9 33.6 1 1.6 2.1 0.3
Peaches yr 3 65-304 4.0 25 Drip 90 17.2 33.6 6 5.8 6.4 0.4
Peaches yr 3 65-304 4.0 50 Sprink 75 17.2 33.6 2 3.7 4.9 0.4
Peaches yr 4 65-304 4.0 25 Drip 90 21.4 33.6 8 8.8 9.8 0.5
Peaches yr 4 65-304 6.0 50 Sprink 75 21.4 33.6 2 4.6 6.1 0.5
Peaches yr 5 65-304 4.0 25 Drip 90 25.7 33.6 11 12.0 13.3 0.6
Peaches yr 5 65-304 6.0 50 Sprink 75 25.7 33.6 3 7.3 9.7 0.6
Grapes and 65-304 4.0 50 Drip 90 34.3 33.6 7 15.2 16.9 0.8
Bl ackberries
Blueberries 65-304 2.0 75 Drip 90 34.3 33.6 17 19.3 21.4 0.8
Strawberries 65-304 2.0 50 Sprink 75 34.3 33.6 17 19.3 25.7 0.8
Page
9
TABLE 4: 35 YEAR AVERAGE IRRIGATION FOR FRUIT CROPS































Soybeans 152-244 4.0 50 Sprink 75 19.0 12.3 5 10.2 13.6 0.8
Alfalfa 91-273 6.0 50 Sprink 75 30.7 27.2 4 12.7 16.9 0.8
Fescue 65-166
227-304 4.0 50 Sprink 75 21.7 25.9 3 7.3 9.7 0.8
Bermuda grass 152-244 6.0 50 Sprink 75 19.0 12.3 3 9.0 12.0 0.8
Grain Sorghum 121-213 6.0 50 Sprink 75 16.6 14.5 2 6.3 8.4 0.8
Corn 121-213 4.0 50 Sprink 75 16.6 14.5 3 7.1 9.5 0.8
Wheat 65-140 2 50 Sprink 75 5.4 11.7 1 1.2 1.6 0.8































Tomatoes 135-274 2.0 50 Dr i p 90 16.8 19.6 15 16.6 18.4 0.8
Tomatoes 135-274 4.0 50 Sprink 75 26.8 19.6 7 13.6 18.1 0.8
Greens 91-135 2.0 50 Sprink 75 4.2 7.9 1 0.8 1.1 0.8
Green Beans 110-171 2.0 50 Sprink 75 8.8 11.4 3 3.6 4.8 0.8
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Average gross irrigation demand weighted for crop acreages is 10 acre inches 
per acre. Assuming a transmission efficiency of 90%, the storage requirement is 
11 acre inches per acre or, on the average, 27,510 acre-feet of storage in Beaver 
Reservoir.
In dry years, however, irrigation demand may be significantly higher than ave­
rage. Statistical analysis shows a gross irrigation requirement of 13.3 inches 
will be sufficient 90% of the time. Again assuming a transmission efficiency of 
90%, a storage requirement of 37,037 acre-feet will be necessary for 90% confi­




Data from Engineering News Record for the first quarter of 1981 was used to 
update the project costs. The Bureau of Reclamation index for 1970,1975 and 
March, 1981 are 1.17, 1.87 and 3.02 respectively based upon 1967 = 1.00. These 
give factors to up-date from 1970 and 1975 to March 1981 of 2.58 and 1.61 re­
spectively. The water utility construction index for 1971, 1975 and March, 1981 
respectively was 234, 364 and 606, based upon 1949 = 100. These give update 
factors for March of 1981 of 2.58 and 1.66 for 1970 and 1975 respectively. Con­
struction cost index figures give update factors of 2.58 and 1.61 using nation­
wide data, 2.51 and 1.61 using Dallas, Texas and 2.62 and 1.46 using Kansas City, 
Missouri. These update factors are summarized in Table 7. Cost update factors 
selected for use were 2.58 for 1970 to March 1981 and 1.61 for January 1975 to 
March 1981.
TABLE 7: ENGINEERING NEWS RECORD COST INDICES
Index 1970 Jan/1975 Mar/1981 1981/1970 1981/1975
Water & Power 
Resource Service 1.17 1.87 3.02 2.58 1.61
Water Utility 
Construction 234 364 606 2.58 1.66
Construction Cost 
Index - Nationwide 1309 2103 3384 2.58 1.61
Construction Cost 
Index - Kansas City 130 233 341 2.62 1.46
Construction Cost 
Index - Dallas 135 211 340 2.51 1.61
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Capital Cost:
Project costs for an 11,000 acre system in this area were estimated by 
McGoodwin, Williams, and Yates(l) in January, 1975 to be $18,200,000 or $1655 
per acre. This included construction, engineering and inspection, land acquisi­
tion and right of way, legal and administrative costs and a contingency fund for 
the transmission and distribution sustem, pumping facilities and operations 
center. A cost analysis for a 30,000 acre sustem in 1970 by Benham Blair and 
Affiliates (2) shows the cost to be $20,049,000 or $688 per acre. Benham Blairs' 
estimate is for much the same items as McGoodwin, et al., except it does not in­
clude an operation center.
Updating these costs to March 1981 using the factors from the previous sec­
tion gives a capital cost of $1723/acre based upon Benham Blair estimates and 
$2664/acre based upon McGoodwin, et al. estimates. A component breakdown of 
these figures are given in Table 8.
One of the major differences in the capital cost estimate is in the pump cost 
which is to be expected to show more economy of scale than other items. The dif- 
ference in distribution system costs could also be attributed to a size scale 
factor.
Reconciling the two cost items is somewhat difficult. Since McGoodwin, et. 
al. study was somewhat more complete and recent than the Benham Blair study, it 
should give a better estimate of project cost. However, there is a size differ­
ence between the two studys; consequently, the McGoodwin, et. al. cost estimate 
is probably somewhat high per acre for a 30,000 acre project. Without extensive 
design time, reducing McGoodwin, et al. 's estimate to account for a size factor, 
projected system cost is $2430 per acre.
(1) McGoodwin, Williams and Yates, "Beaver Irrigation Demonstration 
Project" Feasability Report, 1975.




TABLE 8: COMPARISON OF UPDATED CAPITAL COST ESTIMATES 
BY BENHAM BLAIR AND BY MCGOODWIN, WILLIAMS AND YATES
Cost Item
Benham Blair McGoodwin, et al.
1981 Est.1970 Mar/1981 1975 Mar/1981
Distribution 
System Cost 498 1285 955 1538 1495
Pumping System
Cost 55 142 327 526 334
Operation Center 0 0 20 32 32
Adm., Eng., Land,
Contingency 115 297 353 568 568
TOTAL 1723 2664 2430
Cost Per Acre
TABLE 9: COMPARISON OF UPDATED ANNUAL COSTS BY 
BENHAM BLAIR AND BY MCGOODWIN, WILLIAMS AND YATES
Item
Benham Blair McGoodwin, et al.
1981 Est.1970 Mar/1981 1975 Mar/1981
Administration,
Operation and 
Maint.(not power) 8.30 21.40 13.00 20.93 21
Pumping Power 17.70 45.66 2.70 4.34 54
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Annual Operating Costs:
Updated cost estimates from the two studies are as shown in Table 9. The 
primary discrepancy appears in the pumping power cost. McGoodwin, et al. have 
an extremely low cost figure. Using a total dynamic head of 320', pumping plant 
efficiency of 60%, a water demand of 1 acre foot per acre gives an electricity de­
mand of 600 KWhr per acre. Assuming a peak demand of 0.6 KW per acre, using a 
capacity charge of $66.72 per kilowatt per year and a power charge of 2.2 cents 
per kilowatt hour, annual power costs are $54 per acre.
Total Cost:
The overall projects costs as of March, 1981 are as follows:
Item $ per acre Total
Construction $2430 $72,900,000
Annual Adm. O & M $ 21 $ 630,000
Annual Pumping Cost $ 54 $ 1,620,000
Total Annual $ 75 $ 2,250,000
These costs are extremely high due to the type of distribution system de­
signed. It is suggested that a distribution system that utilizes a significant 
proportion of open canals as opposed to a total pressurized system could signi­
ficantly reduce the costs. An analysis of this was beyond the scope of this 
study.
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NET RETURNS TO IRRIGATED CROP PRODUCTION
Horticultural Crops - General Procedures
In order to assess the economic feasibility of irrigated agricultural pro­
duction in Northwest Arkansas budgets were developed delineating the potential 
revenue and production costs for producing crops under both dry land and irri­
gated conditions. Both horticultural crops and agronomic crops were evaluated. 
The gross revenue resulting from irrigated production must exceed not only the 
costs of irrigated production but also the net returns which would result from 
dry land production in order that irrigation be considered feasible.
Cost of production budgets were developed using information from the Arkansas 
Argicultural Experiment Station and Cooperative Extension Service publications, 
discussions with horticulturists, and contact with various input supply firms 
(see list page 33.) In addition, processing plants were contacted to obtain 
their contract requirements for producers of horticultural crops. The computer­
ized budget generator available in the Department of Agricultural Economics and 
Rural Sociology at the University of Arkansas was used to generate the budgets.
Initial runs of the budgets were reviewed with horticulturists at the Univer­
sity of Arkansas and by Carroll Garner, District Farm Management Specialist for 
Northwest Arkansas. Other extension personnel familiar with cultural practices 
for horticultural crops also reviewed the initial budgets. The budgets were 
revised according to reviewer suggestions. In some instances a third review was 
necessary. The following section presents a detailed description of the data, 
procedures and assumptions.
Horticultural Crops - Prices and Cultural Practices
Current prices (spring, summer, 1981) were used for all inputs and outputs. 
These prices appear in Table 10. No provision.was made for forecasting future
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conditions, thus, current relationships were assumed to hold for the 50-year plan­
ning horizon. Equipment and machinery prices were obtained from area dealers. 
Recent product prices were used since published historical local prices were not 
available for all crops.
TABLE 10: HORTICULTURAL CROP PRICES, SUMMER 1981
Prices of input items such as fertilizer and pesticides were obtained from 
local distributorships and dealer price lists. Custom rates were obtained from 
firms performing the function (such as harvesting) or others familiar with the 
task. Grower associations were also a source of data.
Cultural practices, yields and quantities of materials used were obtained 
from published references and contact with horticulturists. Pesticides used 
were those labeled for use on each crop in Arkansas and in practice by growers. 
Rates of application were based on active ingredient content at quantities rec­
ommended in the various Cooperative Extension Publications.
Horticultural Crops - Irrigation Systems
Two irrigation systems were analyzed for the horticultural crops. A drip or 
trickle system was used for orchard and vineyard crops; apples, peaches, concord
Page 17 
Horticulture Crops Units Current Price
Peaches bu. 8.00
Strawberries lb. .50 (.35 salvage)
Blackberries lb. .80 (.45 salvage)




grapes, blackberries, and blueberries. Above ground solid set overhead sprinklers 
were used for strawberries, tomatoes, snap greens and turnip greens. Only the on 
farm costs of the irrigation system were included in the budgets. Water was as- 
sumed to be available at the edge of the field from a pressurized source so that 
no pumping was needed for drip irrigation systems and pumping capacity for the 
sprinkler system was reduced from that normally needed.
Costs for the drip system were estimated assuming a ten acre field. The 
sprinkler system was developed for a twenty acre field. Both fixed and variable 
costs were allocated per acre inch of water applied. Annual fixed costs were 
estimated to equal $123 per acre for the drip system and $145 per acre for the 
sprinkler system.
Horticultural Crops - Other Assumptions
All capital was charged an annual percentage rate of 7 3/8% which is the 
current (FY 1981) interest rate used in the analysis of Federal water resource 
projects. Ten percent of total variable cost was used as an estimate of manage­
ment costs.
Blueberries were budgeted only with irrigation because they cannot be grown 
under dryland conditions in Northwest Arkansas. Two sets of budgets were deve­
loped for all other crops - irrigated and non-irrigated, thus, yields and pro- 
duction practices were obtained for each practice.
Horticulturists were asked to estimate the bearing life of the multiyear 
crops and the yields by age of the planting. Budgets were developed for each 
year in the life of the planting until yields reached levels expected for the 
remaining productive life. Apples were treated somewhat differently; yields 
were not expected to peak until the tenth year while production practices except 
For harvest labor became constant in year five. For apples, budgets represent- 
ing years 5 and 6 were averaged as were years 7 and 8, and years 9 and 10.
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The yields assumed for each year to maturity for irrigated and non-irrigated 
crops and the years of life for all crops except apples are shown in Table 11. 
Apple yields are shown in Table 12.
Length of life was established considering marketable yields and technologi­
cal factors. For example, apple trees can be expected to survive and produce 
past 30 years of life. After 25 years, however, size of fruit may become a pro­
blem. Varietal improvements will also occur making a longer planning horizon for 
the producer unlikely. Thus, for the 50 years of analysis two complete apple 
orchard production periods were evaluated.
Budgets for all horticultural crops appear in Appendix B, Part II of this 
report.
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TABLE 11. Yields Per Acre for Each Year in Life of Planting of Selected Horticulture Crops 
(Irrigated and Non-irrigated) and Age of Last Productive Year,
Northwest Arkansas.
**Total yield including lower quality fruit.
Page 
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Peaches (bu) 0 0 0 0 55 55 77 110 220 275 330 440 11
Grapes (tons) 0 0 0 0 2 3 4 6 5 8 30
Tomatoes (lugs) 550 1,200 Annual
Blackberries (lbs) 0 0 1,120** 2,220** 3,330** 5,550** 5
Strawberries (lbs) 0 0 5,000** 12,000** 4
Blueberries (lbs) NA 0 NA 0 NA 2,500** NA 5,000** NA 7,500** NA 10,000** 25
Snapbeans (tons) 2.1 4 Annual
TABLE 12. Yields Per Acre for Each Year in Life of Planting of an Apple Orchard 
(Irrigated and Non-irrigated) and Age of Last Productive Year, 
Northwest Arkansas.


























Apples (bu) 221 245 484 537 786 873 25
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Agronomic Crops - General Procedures
Procedures followed were similar to those for horticultural crops. Cost of 
production budgets for agronomic crops were developed by modifying budgets 
appearing in Arkansas Agricultural Experiment Station and Cooperative Extension 
Service publications. Modifications were made using information from extension 
personnel, agronomists, and input supply firms. The computerized budget genera­
tor available in the Department of Agricultural Economics and Rural Sociology 
was used to generate the budgets.
Initial runs of the budgets were reviewed by Carroll Garner, District Farm 
Management Specialist for Northwest Arkansas and agronomists who specialize in 
the individual crops.
Agronomic Crops - Prices and Cultural Practices
Current prices (spring, summer, 1981) were used for all inputs. Two sets of 
crop prices were used. The first set was issued by the Water Resources Council. 
The second set of prices was based on a three year state average in 1981 dollars. 
Three year average prices and Water Resource Council prices for agronomic crops 
appear in Table 13. No provision was made for forecasting future conditions, 
thus, current relationships were assumed to hold for the 50-year planning hori­
zon. Equipment and machinery prices were obtained from equipment dealerships in 
Northwest Arkansas.









Corn bu. 3.04 2.47
Soybeans bu. 8.09 6.56
Wheat bu. 4.17 2.98
Fescue ton. 50.20 50.49
Bermuda Grass ton. 50.20 50.49
Prices of input items such as fertilizer and pesticides were obtained from 
local distributorships and dealer price lists. Custom rates were obtained from 
a Missouri Extension publication "Guide".
Cultural practices, yields and quantities of materials used were obtained 
from published references and contact with agronomists.
Pesticides used were those labeled for use on each crop in Arkansas and in 
practice by growers. Rates of application were based on active ingredient con­
tent at quantities recommended in the various Cooperative Extension Publications.
Agronomic Crops - Irrigation
Three types of sprinkler irrigation systems were evaluated, a) hand lines, 
b) wheel rolls, and c) center pivots. The self propelled center pivot system 
was found to be the most cost effective. Thus all final irrigated Agronomic crop 
budgets are based on the use of a center pivot system.
Costs for the center pivot system were based on a 164 acre field with only 
138 acres being irrigated. Both fixed and variable costs were allocated per acre 
inch of water applied. Annual fixed costs were calculated to be $66 per acre for 
the center pivot system.
Agronomic Crops - Other Assumptions
All capital was charged an annual percentage rate of 7 3/8%, and net present 
value was determined similarly to the horticulture crops.
Yield estimates for the field crops were an average for the life of the crop. 
An annual crop establishment charge was included in each of the forage crop bud­
gets, representing the amortized costs of field preparation and planting.




The present level of irrigation (100 acres of blueberries and two acres of 
strawberries) was assumed to be maintained in the absence of project development, 
however, no expansion of irrigation was assumed within the project boundries due 
to the implementation of nonstructural and conservation measures. Some shifting 
of cropping patterns will undoubtedly take place as the result of urban sprawl 
and educational efforts over the 50 year planning horizon. Budget analysis in- 
dicated farmers are not currently maximizing net returns in their cropping deci­
sions. Thus, voluntary shift in cropping patterns will most likely occur.
In evaluating without and with project benefits the Water Resources Council's 
Procedures for Evaluation of National Economic Development (NED) Benefits and 
Costs in Water Resources Planning (Level C): Final Rule dated Friday, December 
14, 1979 were followed. Section 713.203 specifies that since the project is de­
signed to change the cropping patterns in the project area the current cropping 
pattern will be determined and projected as constant for the without project 
condition.
Variable production cost for without project were taken from the respective 
crop budgets as developed by the Department of Agricultural Economics and Rural 
Sociology, Arkansas Agricultural Experiment Station as revised to assume a 7 3/8 
percent interest on operating capital and a management charge equal to 10 percent 
of total variable costs.
Operations, Maintenance and Replacement (OM&R) Costs for the system without 
the project were set at zero with the exception of the 100 acres of blueberries 
and two acres of strawberries which were currently irrigated.
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With Project
In order to evaluate the "with project" benefits horticultural crop acreages 
were held constant as required by the guidelines. Those horticultural crops 
which were projected to provide net returns below the highest net returns for a 
agronomic crop could be shifted to the most profitable agronomic crop, however 
there were no non-profitable horticultural crops. Likewise, all acres planted to 
agronomic crops were shifted to the most profitable agronomic crop.
Variable production cost with the system were calculated as total variable 
cost from the budget adjusted to charge 7 3/8 percent for operating capital plus 
a 10 percent management charge.
OM&R costs for the system were set equal to total fixed costs for the irri­
gated production of each crop minus total fixed costs for the dryland production 
of the crop it's replacing. This was defined as "Remaining non-project system 
OM&R cost". All costs were discounted to their Current Capitalized Value.
The project was estimated to have an initial construction cost of $2,430 per 
acre. Administration, Operation, Maintenance, pumping and water cost of $75.00 
per acre were estimated to accrue for each of the next 50 years of project life.
The flow of gross revenue (value of production), production costs, and system 
OM&R costs with and without the project were discounted for the 50 year planning 
horizon using a discount rate of 7 3/8 percent to determine the current capita­
lized value of benefits projected to result from project development. This was 
done for each of the crops projected to be grown in the region following the 
water resources procedures of limiting horticultural crop acreage to present 




Detailed tables that show annual and capitalized values for each horticultur­
al and agronomic crop are presented in Appendix A. Field crops were evaluated 
using both WRC and 3 year average prices. WRC normalized prices were not in 1981 
dollars and therefore did not provide an accurate evaluation of potential benefit. 
All costs were in 1981 dollars. Thus, conclusions are based on the 3 year average 
prices in 1981 dollars. Each table provides the values for a crop currently in 
production (without the irrigation project) compared to the values for the crop 
projected to begin production after the project is constructed. For example, 
Appendix A, Table 14 shows the value without project for soybeans/wheat double 
crop and the value with the project when corn is projected to replace the soy­
beans/wheat. Although positive benefits might accrue to irrigating soybeans, the 
greater benefit would occur by growing corn. Horticultural crop tables are simi­
larly presented with each year up to maturity being provided.
Each crop was compared for without and with project values. The acreage was 
assumed to shift to the crop where benefits would be highest. The results indicate 
agronomic crops and pasture would be converted to corn to maximize net benefits.
All acres of horticultural crops would remain in the same crop following pro- 
ject development. Greenbean production is expected to be double cropped and 
harvestable crop produced each year following project development. Dryland green-
beans are assumed to be double cropped each year, however the second crop is as- 
sumed to be harvestable only 66 percent of the time and total variable costs in- 
curred only 80 percent of the time.
A summary of the total primary benefits to be derived from the irrigation 
project is shown in Table 14. Total benefits accruing to horticultural crop pro­
duction due to the project are estimated to equal $13,507,750. Total benefits 
for Agronomic crops are esimated to equal $57,308,377. Total primary benefits 
to the area would be $70,816,127.
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Comparison of benefits to costs of the system are given in Table 15. Note 
that total costs of $104,790,000 exceed benefits by $33,973,873. Thus, under 
guidelines of the current study, the project is not economically desirable.
The conditions of the contract under which this analysis was conducted al­
lowed evaluation of benefits and cost of the proposed irrigation project only 
through step 1, 2 and 3 of Water Resources Council's Procedures for Evaluation 
of National Economic Development (NED) Benefits and Costs in Water Resources 
Planning (Level C): Final Rule. These steps restrict expansion of irrigation to 
agronomic crops only. High value horticultural crops may be irrigated but their 
acreage is limited to the acreage currently planted.
Northwest Arkansas farmers are not requesting an irrigation project be deve­
loped in order to expand their production of agronomic crops. Their hope is to 
greatly expand horticultural crop production through the availability of irriga­
tion.
Discussion with Northwest Arkansas horticultural crop processors indicate 
their willingness to enter into long term contracts with Northwest Arkansas far­
mers to supply them with products to process. These contracts cannot be inacted 
without the assurance that irrigation will be available.
Northwest Arkansas processors are currently importing large quantities of 
horticultural crops from outside the region but are still operating at below 
full capacity.
If an irrigation project were constructed, expanded horticultural crop 
acreage would allow processing plants to operate at full or near full capacity 
providing primary benefits to both the region and the nation. Undoubtedly some 
horticultural crop production in other parts of the nation would be displaced by 
Northwest Arkansas production. However, net benefits would most likely result 
even for these acres due to the energy savings associated with having production 
located in closer proximity to processing plants.
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The evaluation of primary benefits of horticultural acreage expansion and 
the secondary benefits of agronomic/horticultural crop expansion would increase 
the economic feasibility of the project. Whether national benefits would in­
crease sufficiently to exceed national cost cannot be determined without con­
ducting the analysis.
It can be shown from the current analysis that regional benefits to Northwest 
Arkansas can exceed the costs. If all non-horticultural crop acreage within the 
proposed 30,000 acre district were converted to double crop green beans the pre­
sent value of benefits, as measured by the increase in net revenue with double 
crop green beans over the net revenue resulting from current agronomic crops, 
would equal $177.1 million. This value exceeds the present value of costs by 
$72.31 million but cannot be used as an estimate of national benefits without ad­
justments for potential displacement of production outside of Northwest Arkansas 
and potential price impact. This analysis should be conducted.
The current study's conclusion of non-feasibility should not be interpreted 
as a negative finding for all potential irrigation systems. Rather it represents 
the conclusion after evaluating the proposed system under steps 1 through 3 of 
the guidelines.
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TABLE 14. Benefit Summary for Northwest Arkansas 
Irrigation Project Evaluation
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Horticultural Crops Agronomic Crops
Without Project dol dol
Total Capitalized
Value of Production (-) 41,485,177.00 (-) 76,966,948.00
Total Capitalized
Value of Costs (+) 28,865,452.00 (+) 99,176,844.00
System O M & R Cost (+) 245,425.00 (+) 0.0
With Project
Total Capitalized
Value of Production (+) 64,263,899.00 (+) 171,817,068.00
Total Capitalized
Value of Costs (-) 33,832,099.00 (-) 101,074,404.00
System O M & R Costs (-) 7,371,480.00 (-) 35,644,183.00
Benefit $ 13,507,750.00 $ 57,308,377.00
TOTAL BENEFITS $ 70,816,127
TABLE 15. Comparison of Economic Benefits of Northwest 
Arkansas Irrigation Project to Cost of System
System Costs:
Annual
Administration and Pumping 
Present Value of 50 years 
at 7 3/8% (per acre)
$75
$ 1,063
Construction Costs (acre) 2,430
Total $ 3,493
Total Costs (3,493 times 30,000) $ 104,790,000
Total Benefits 70,816,127
Net Benefits (negative) (-33,973,873)
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Appendix A TABLE 1. IRRIGATION PROJECT EVALUATION FOR BLUEBERRIES
BENEFIT 0
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.






















Yield: (lbs per acre) 0 0 2,500 5,000 7,500 10,000
(-) Value of Production 0 0 191,300 382,500 573,700 765,000 (-) 4,014,585
(+) Value of Production Cost 322,800 466,000 139,300 239,400 335,700 431,900 (+) 4,550,646
(+) System O M & R Cost 17,000 16,200 17,200 17,200 17,200 17,200 (+) 240,097
With Project
Acres: Blueberries 100
Yield: (lbs per acre) 0 0 2,500 5,000 7,500 10,000
(+) Value of Production 0 0 191,300 382,500 573,700 765,000 (+) 4,014,585
(-) Value of Production Cost 322,800 466,000 139,300 239,400 335,700 431,900 (-) 4,550,646
(-) System O M & R Cost 17,000 16,200 17,200 17,200 17,200 17,200 (-) 240,097




















Acres: Apples 460 460
Yield: (bus) per acre 0 0 0 30 221 484 786
(-) Value of Production 0 0 0 103,500 762,680 1,669,800 2,711,700 (-) 11,944,925
(+) Value of Production Cost 516,660 132,480 103,960 211,600 337,640 451,260 615,100 (+) 5,023,591
(+) System O M & R Cost 0 0 0 0 0 0 0 (+) 0
With Project
Acres: Apples 460
Yield: (bus) per acre 0 0 0 30 245 537 873
(+) Value of Production 523,940 137,080 115,920 229,940 845,480 1,852,880 3,012,080 (+) 14,871,322
(-) Value of Production Cost 523,940 137,080 115,920 229,940 364,320 486,220 636,180 (-) 5,295,719
(-) System O M & R Cost 58,420 57,960 59,800 62,560 63,480 59,340 39,560 (-) 811,067
BENEFIT 1,843,202
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.
b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
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Appendix A TABLE 3. IRRIGATION PROJECT EVALUATION FOR PEACHES
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.



















Acres: Peaches 162 162
Yield: (bus) per acre 55 77 220 330
(-) Value of Production 0 0 71,280 99,792 285,120 427,680 (-) 1,827,329
(+) Value of Production Cost 74,520 26,244 50,058 64,152 76,140 84,402 (+) 867,732
(+) System O M & R Cost 0 0 0 0 0 0 0
With Project
Acres: Peaches 162
Yield: (bus) per acre 55 110 275 440
(+) Value of Production 0 0 71,280 142,560 356,400 570,240 (+) 2,369,545
(-) Value of Production Cost 70,146 27,540 54,270 66,744 77,922 89 ,910 (-) 889,280















Year a/ Year a/
c r
Capitalized
Value b/Item Current Year
Without Project
Acres: Grapes 1293
Yield: (tons) 0 0 2 4 5
(-) Value of Production 0 0 568,920 1,137,840 1,422,300 (-) 15,991,240
(+) Value of Production Cost 1,251,624 2,198,100 707,271 782,265 771,921 (+) 12,872,435
(+) System O M & R Cost 0 0 0 0 0 0
With Project
Acres: Grapes 1293
Yield: (tons) 0 0 3 6 8
(+) Value of Production 0 0 853,380 1,706,760 2,275,680 (+) 25,429 ,166
(-) Value of Production Cost 1,291,707 2,284,731 844,329 995,610 1,115,859 (-) 16,817,552
(-) System O M & R Cost 177,141 186,192 184,899 192,657 192,657 (-) 2,693,632
BENEFIT 2,799,177
a/ Average annual value at the given year.
b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
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Yield: (lbs) 1,120 3,330
(-) Value of Production 0 754 2,249 (-) 19,994
(+) Value of Production 648 733 812 (+) 10,714
(+) System O M & R Cost 0
With Project
Acres: Blackberries 1
Yield: (lbs) 2,220 5,550
(+) Value of Production 0 1,499 3,748 (+) 34,054
(-) Value of Production Cost 672 786 909 (-) 11,716
(-) System O M & R Cost 137 137 137 (-) 1,938
BENEFIT 11,120
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.
b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
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Yield: Non-irrigated (lbs) 0 5,000
Irrigated 0 12,000
(-) Value of Production 0 21,340 (-) 145,553
(+) Value of Production Cost 3,838 4,402 (+) 58,133
(+) System O M & R Cost 396 356 (+) 5,328
With Project
Acres: Strawberries 6
Yield: Irrigated (lbs) 0 12,000
(+) Value of Production 0 34,920 (+) 238,178
(-) Value of Production Cost 3,666 5,574 (-) 64,867
(-) System O M & R Cost 988 944 (-) 13,675
BENEFIT 77,544
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.
b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
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Appendix A TABLE 7. IRRIGATION PROJECT EVALUATION FOR DOUBLE CROPPED GREENBEANS
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.
b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
c/ Dry land greenbeans are assumed to be double cropped with total cost for the second crop being incurred

















Acres: Greenbeans c/ 1,330
Yield: (tons) 3.5
(-) Value of Production 533,184 (-) 7,541,551
(+) Value of Production Cost 387,589 (+) 5,482,201
(+) System O M & R Cost 0 (+) 0
With Project
Acres: Greenbeans c/ 1,330
Yield: (tons) 8.0
(+) Value of Production 1,223,600 (+) 17,307,049
(-) Value of Production Cost 438,501 (-) 6,202,319
(-) System O M & R Cost 234,413 (-) 3,315,624
BENEFIT 5,729,756
Appendix A TABLE 8. IRRIGATION PROJECT EVALUATION FOR SOYBEANS/WHEAT TO CORN USING WRC PRICES
*0nly values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.




















(-) Value of Production 466,430 (-) 6,597,363
(+) Value of Production Cost 404,463 (+) 5,720,869




(+) Value of Production 655,785 (+) 9,275,664
(-) Value of Production Cost 474,803 (-) 6,715,781
(-) System O M & R Cost 101,350 (-) 1,433,535
BENEFIT 249,854
Appendix A TABLE 9. IRRIGATION PROJECT EVALUATION FOR BERMUDAGRASS TO CORN USING WRC PRICES
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.



















(-) Value of Production 2,187,578 (-) 30,941,906
(+) Value of Production Cost 3,435,078 (+) 48,587,005




(+) Value of Production 3,567,174 (+) 50,455,422
(-) Value of Production Cost 2,582,711 (-) 36,530,815
(-) System O M & R Cost 936,419 (-) 13,245,059
BENEFIT 18,324,647
Appendix A TABLE 10. IRRIGATION PROJECT EVALUATION FOR FESCUE TO CORN USING WRC PRICES
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.





















(-) Value of Production 2,532,608 (-) 35,822,139
(+) Value of Production Cost 3,056,299 (+) 43,229,418




(+) Value of Production 5,310,006 (+) 75,106,679
(-) Value of Production Cost 3,844,559 (-) 54,378,857
(-) System O M & R Cost 1,421,018 (-) 20,099,401
BENEFIT 8,035,700
Appendix A TABLE 11. IRRIGATION PROJECT EVALUATION FOR CORN TO CORN USING WRC PRICES
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.



















(-) Value of Production 112,262 (-) 1,591,105
(+) Value of Production Cost 115,916 (+) 1,642,899




(+) Value of Production 336,785 (+) 4,773,286
(-) Value of Production Cost 243,839 (-) 3,455,991
(-) System O M & R Cost 61,239 (-) 867,959
BENEFIT 501,132
Appendix A TABLE 12. IRRIGATION PROJECT EVALUATION FOR BERMUDAGRASS TO CORN USING 3 YEAR AVERAGE PRICES
*0nly values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.

















(-) Value of Production 2,174,965 (-) 30,763,508
(+) Value of Production Cost 3,435,078 (+) 48,587,005




(+) Value of Production 4,390,368 (+) 62,098,980
(-) Value of Production Cost 2,582,711 (-) 36,530,815




Appendix A TABLE 13. IRRIGATION PROJECT EVALUATION FOR FESCUE TO CORN USING 3 YEAR AVERAGE PRICES
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.

















(-) Value of Production 2,518,132 (-) 35,617,391
(+) Value of Production Cost 3,056,299 (+) 43,229,416




(+) Value of Production 6,535,392 (+) 92,438,989
(-) Value of Production Cost 3,844,559 (-) 54,378,856





Appendix A TABLE 14. IRRIGATION PROJECT EVALUATION FOR SOYBEANS/WHEAT TO CORN USING 3 YEAR AVERAGE PRICES
*0nly values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.






















(-) Value of Production 610,261 (-) 8,631,750
(+) Value of Production Cost 404,463 (+) 5,720,869




(+) Value of Production 807,120 (+) 11,416,202
(-) Value of Production Cost 474,803 (-) 6,715,781
(-) System O M & R Cost 101,350 (-) 1,433,535
BENEFIT 356,005

















(-) Value of Production 138,168 (-) 1,954,299
(+) Value of Production Cost 115,916 (+) 1,639,554




(+) Value of Production 414,504 (+) 5,862,897
(-) Value of Production Cost 243,839 (-) 3,448,952
(-) System 0 M & R Cost 61,239 (-) 866,192
BENEFIT 1,233,008
*Only values for one life cycle are presented, these value are then repeated for the life of the project (50 years). 
a/ Average annual value at the given year.
_b/ Current capitalized values are calculated at a 7 3/8 percent interest rate.
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